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Determination of 4 Kinds of Methylcyclosiloxane in Paper for Cigarette by
Headspace Gas Chromatography-mass Spectrometry

WANG Xuan, ZHUXiang*, XU Jijun, XU Wenjun

(Shanghai Tobacco Package Printing Co., Ltd., Shanghai 200137, China)

ABSTRACT: The work aims to develop a headspace gas chromatography-mass spectrometry (HS-GC-MS) method for
the determination of hexamethyldisiloxane (D3), octamethyltrisiloxane (D4), decamethyltetrasiloxane (DS5), and
dodecamethylpentasiloxane (D6) in cigarette paper. The samples were equilibrated at 90 °C for 30 min in the headspace.
Tetramethylsilane tetraethoxysilicate was used as the internal standard. The four kinds of methylcyclosiloxane in the
trademark paper, inner liner paper and tipping paper were detected by selected ion monitoring (SIM) mode and
quantified by the internal standard method. The detection limit was 0.000 2-0.002 9 mg/m?, the recovery rate was
87.0%-104.2%, and the precision was 0.3%-7.7%. Under the three-phase equilibrium state of headspace, the content of
methylcyclosiloxanes in the gas phase was proportional to the content of the component in the original cigarette paper or
standard solution. The overall content level of methylcyclosiloxanes in typical samples was in the order of trademark
paper>inner liner paper>tipping paper, and the detected values were all less than the reference limit of 0.1% (mass
fraction) in the EU. A stable and highly sensitive detection method for methylcyclosiloxanes in cigarette paper is

established in this study, and the principle of three-phase equilibrium is analyzed, providing technical support for further
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improving the quality and safety evaluation methods of cigarette paper.

KEY WORDS: cigarette paper; methylcyclosiloxane; headspace gas chromatography-mass spectrometry; three-phase

equilibrium

FH 5 B A AU AR Ay ol 8 ik il 25 BILRE i SR Y
e R, R b DL g SRR K A 4
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FEALAS: 7697A-7890B-5977C Thizs - M (i
JFERCRAL, SEE Agilent 237 ; XPE204 HL TR,
it Mettler /3 7] ; 5804R B.0:HL, 12 E Eppendorf 23 7
Talboys iRk % %%, 3 [E Henry Troemner 23 F

PBE: BIRRACKE S, i R R e B R A B A
FEAL s NATAURE i, 0 4 B AR PR R AR
PR AR, i A R A PR R 4L

B SR . S H SR ER =Rk (97.0% ), 3

[ Sigma-Aldrich 23 8] ; /N L ER PO AL A UBE (3 At ),
Sigma-Aldrich 23] ; + H BERA FfiE 0bE (99.0% ), |
W2 PSS B B A BR S w5 T H R RS ik b
(98.0% ), ARAL Tl RSt IERERRPD ( =H &
k) Mg (99.7% ), ZE[E CATO Research Chmicals Inc; =
BEPR HMER (99.0% ), FIRFZE SCs R B dn A RR 2wl o
1.2 BB
1.2.1 NIRBRE

TERAFREL 250 mg IEAERR DY ( —HIJEaE ) BE, AA
50 mL 75, LIECHRETIRCHI R E 5 000 pg/mL
BI—Z NG AR T, T DA = 5 12 H Il s 98 50 e 71
B E R 100 pg/mL 1) S bR A 7% 1 pg/mL
B bR T ARV W
1.2.2 I1EAREH

FRHL 4 Ff H FEIARE e bRvE AT 45 100 mg, LA 50 mL
i, LUIE e MR BCfil B EE S 2 000 pg/mL
TR A B v i 5 T, T LA = TS R H Il i A v ) A
WeBEN 100 pg/mL B ARG S I, LSRR
5.2, 1,05,02, 01, 0.05 pg/mL 7% 1 pg/mL
AR TR ARG 2R S AR T AR o
1.3 N=R&H
1.3.1 BiEEHg

SEHFIREE A 90 °C, SEAFTE 7 30 min, E R
FEh 200 °C, 1EHEZEIRIE R 210 °C, SAHEIEZ (Gas
Chromatography, GC ) fE¥ ][] 24 60 min, @it A
Supelco VOC & A%t (60 mx 0.32 mmx1.8 um ),
HERE TR A 220 °C, 2 2 A4 =99.999% ),
THFLALE A 2 mL/min, 07 HEA 10 0 1, B THER
T . PIRIREE R 40 °C, f54% 2 min, SRFLU
4 °C/min AR THE ZE 200 °C, {£FF 10 min,

1.3.2 RitEH

BRI O 230 °C, DU EE D 150 °C,
T T FH M ( Selected Ton Monitor,
SIM ); HARI T S AR SIM 57 I35 1
1.4 FHik

F U N T ARG R AR TRE L R A A e AL
121 em®, WAFARTE AU 170 em?, B4R AN 80 em?,
TR AL AL T o K R R B R 1 5 FE s i
W, SEHVATRZS, FIA 1 mL WEREW, %8
J5 4T HS-GC/MSS 231t -
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Tab.1 SIM conditions of target analyte and :D3
internal standard 500000 - +gg A
P = A1 2z = [ D6
CAS éﬁ% %Eﬁ‘z% ﬁﬁ% XEEJ%% /?Eﬁr%% 400000 v
(m/z) (m/z) &
INH IR = S 300000 | -
541-05-9 D3 207 96, 191 1=
RS ¥ 200000
556-67-2 /\EiéfﬁFEH D4 281 265. 193
Tk U e 100000
THEAH
541-02-6 D5 355 73, 267 "
fE b op =/—°
IERERR Y 70 80 90 100 110
3555-47-3 (=W ISTD 281 147, 369 SEAFIEE/°C
i) B a FHIR AL
+ LR
540-97-6 D6 341 429, 73 250000
FNHEE B
200000 | l//////A;—*_ﬁ“\\\\\\l///,,,l
2 RGN J l J
. 150000 -
. 3 Y T 4 ¥
21 BILHIEIE £ -
100000 |-
H54 3 A aik: DB-1 (30 mx0.25 mmx0.25 pm ),
DB-WAX (60 mx0.32 mmx0.25 pm ) & VOC & 50000 - —a-D3 —4-D5
Bk (60 mx0.32 mmx1.8 um ) BF5E D3—D6 94585 oD bs .
oL, 259K 1, & 1 alsn, fd ] DB-1 {44 ' ' . '

W, MELIA R B D6 R = BERR H b mR s Al
DB-WAX {38451}, D3 K D6 Mg & 2% ffi Fil VOC
LRGN, BEA 5 4 Fipiiigy, HIEE R if,
[RS8 Ve VOC & (i
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D5 D6
1L,/ﬂ DB-1
D6

W35 BE
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l l \ DB-WAX
D3
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Bl 1 s scm s iR

Fig.1 Selection experiment results of
chromatographic column

2.2 FERERFEEREMAKL

o it V- i L R V- i [ 5 1 5 o R RS
MG, DLBHYE R AR AU 4, %5870, 80,
90, 100, 110 °C V-1l BE T 15 &1 A% i 1 Ao #5214
S S5 R ULIE 2a, 0] WLEEE FHERE R 70 °CTFE
110 °C, fF54ax R sie Tt W AR T
A5 W B 3 4l S AT AR B] 198 6T s 74 i 22 X5 5 1)

5 15 30 45 60
A ] /min
b P E A
K2 SRR A LA SE g2
Fig.2 Optimization experiment results of equilibrium
temperature and equilibrium time

IO R A o A M AT A A BT, YT 70 °C
FE2 90 °CHt, 4 Bl 4y 515 e L X 8] F 4.6~106.9
(70 °C), 11.7~142.7 (80 °C) #£F+H 16.1~ 302.5
(90°C); 90 °CZMF, 3 HFATHREN] 4 Fhl i #A6:
DR AR X AR N 224 1.6%~3.6%, 16 WG & 42 1k R
W, YR Ak ST 2 100, 110 °CHY, 4 Fhgiiml
Y1 {5 e L X R T & 21.9~337.5 (1100 °C ) M
30.4~583.5 (110 °C), 3 L F-ATAER] 4 Ffge I o ks il
TEAHXT AR 2E 7 3.1%~26.5%( 100 °C )% 2.1%~13.5%
(110 °C), VBRI EZ M2, H 100 °CLL L
MR R S BRI AL BT 47 Bakgs R, Lk
PR N 90 °C,

BEWCE Mt 5. 15, 30, 45, 60 min, L
ZE 0L 2b, o] WA R A 30 min BFHAA R4
15 5 M o7 S G B A2, 4 S 0 e B L s 1]
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Fig.3 Selection experiment of matrix correction agent

2.4 4R 3R B 48 U 0 i) Sz Y 5 i

—JBE G BT TS i A AR P R A
FEHR AR GO AR IR A, A =R H- ik 8 i T
PR W T AP o O R AR T
Eah AT S BRI, LU 5 R 400 B o 5 56 28
B b SR FE R CHIBRHE N 0.5 pg/mL) @i,
ZERILE 4a. I 4a ATl HIMAHREEE)E, =
FURE it m 4 FofE AR 5 04 o 7 AR 58 T AN R AR
AU, AREE i 4 B E bR 4 S5 AR 5T
AN R AREEAT RO , T R AR R I AAT A
TRIBNYIE S, EAR = AfE S T, t—%
SRTIR BHPEAE i 5 5 LRI ARAR . R AR . A 40HE
ity Ry B S A B 5 S W R, 2SR DL 4bo A
4b AL, BN Py 2 S 2, AR SR SO
CAUEE SN

2.5 RMIRHIRIE

24 WY SR A SRR, AR TR AL T2 5 R B P 5
5, ONTE—ERRE FROEARIREE BT, TERE A
FEFIMAIERERR VY ( =W EEfE ) FRAARYY, g A As
FIEJS BT LI 5. i s TR, AR IE S R AR
A0, NATER . BAACIBREE dh A B 22 R B,
A2 9 B BEAT RO 1 TR AR 5 R T3 A [ S B 15 5 52
WA B o Ry e — 20 D/ IR A B TR A B2, s o 2K
FESLIN, S50 R 8 I R i A S5 A T Y R
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D3
D4 ISTD
D5
D6 0.5 ug/mL
# CERAC AR
& 0.5 pug/mL
25 I TRRRE
R
, 2R
10 20 30 40
ARBAENF1)/min
a EIRAEHE B ARAR I R E
J A A 0.5 pg/mL-FHR4k
i
=
g | L OSgmLHE
J\ \ . 0.5 pg/mL-H 4%
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Fig.4 Effect of the paper on the measured compounds
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Fig.5 Calibration spectra of three kinds of spiked samples
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Csa
K, = C. (1
C
K, =>4 2
= (2)
C
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Kb K AR BCH R Co 5
Sl P9 AP 6 5K r PR PR SR 2 0 PR G
T W IAEE SAUGe 20 20 1 URH F B0 10 5 K A I
IBCHRG Co D50 R 42 Ak ) 18 FH AR 5K Y 2
Mk B A O3 0P e B 5 €, Jh R IR B RE e 2 0 A
WA PR BE 5 K SRS 4

AU LW AR B I (4) ~ (6,

V

b= v 4
"

B, = v (5)
V,

B —71 (6)

K gy BAREAALL s Vv, VA AR 53 (Y
TRER ;s Vo g - g 5 A0 242 fioh ) A0 P AR S RAR AR 5
Bo FWIEAR L s V) R P B B R AR Vo A
S8 55 VBORE S J3  h F) T ARSRAR R s B3 SO
AL

TEE A RIR RN, =R R 00 S 07 72 DL X

(7)
C0Vp = CsaVsa +C51Vsl +CaVa +C1V1 (7)

3= Co A AR 5K Fp P SR Bk 40t 21 70 1) S5 i

WEE; vV, AT A AR, L (8),
Vo =VatV ®)
B (1) ~ (6) FRAK (7) 1831 (9),
CV,=Cr, [K1+K2K3ﬁ1 +A+K3ﬂ‘) 9)
BB, B
MAE= (9) A=l (10),

C,V.
C = P 10
VK KB BB B KA
IR (1) ~ (6) M= (8) A5 (11),
EzVsa-i-I/sl :ﬁl+ﬁ2ﬂ3

an Vsa ﬂ2ﬂ3 (11)
B (11) fRASR (10) Arfgat (12),
c - f.+ B, 12

C
¢ ‘ Klﬂzﬂs +K2K3181 +K3ﬂ1ﬁ2 +ﬂ1'82'83

E—EFET, XN T—NAENTERG, R
WO, K Ky Ky Bis Bos By NEEL 4
K'= (ﬂl +132:B3 )/(K1ﬂ2ﬂ3 +K2K3ﬂ| +K3ﬁ1ﬁ2 +ﬂ1ﬂ2ﬂ3) ’
A (13),

C, =C,K’ (13)

= (13) AP, 7R PARRAEST, SMdih i
FEIRE e 41 4y B i 5 A M R 405K Y e E
Fb, PRI B0 g S A i 0025 o R S P e AR B 2 40 1)
SOMVREE , SURT LA 2 R A A eI ARk Y
JR IR BE Coo
2.6.2 MHRAKKHREREREZBEHEEN

OB RIARAURAT 121 cm?® . NATACREAE 170 cm? .,
AR R AR 80 cm?, 7E 90 °C4F F &/DALH 2 h,
V4 I AR ACRE A BURTIR B T ZS 3 43 5 A R 5 b
TAEHW 1 mL, #%E5E#4T HS-GC/MS 734, 453
2,

S BB AR AR AR . AT AR AR, R4t
AAERFE ST, £ BT INAK (0.1 pg/mL ).
(0.5 pg/mL )., & (1 pg/mL) 3 DK UER T,
BEAKCERIFE 3 0 FATRE S, R 48 3 3
FIRE A, 5 4 B SRR R e R I 1Y) 7 it AR SC
DIIIATAE St S Y AELAY 3 A5 A o D 25 R Kzt PR, 10 4%
PRt 25 2R 8 f B, DUREFP S BT 9 A7 InAm e i
RS HE 5 S A OB e, RIS HE A A
X b v e 22 T SRS 2

1% 2 FIA: AR A BT, A BR A 0.000 4~
0.000 6 mg/m?, [EIRA 87.0%~104.2%, AEHE N
1.3%~6.0%; AT AR AT FE TR, K H BR A 0.000 2~
0.001 4 mg/m*, [FEIFEN 91.7%~100.2%, K555 K
0.5%~7.7%; 2L AR ACH FE T, K H FR A 0.000 2~
0.002 9 mg/m*, [HRN 90.6%~101.4%, K% H
0.3%~7.7%; 3 FhABILTHK i TAF M 24 A 5¢ R 4L
R*¥1>0.998, ULHIZMESE R RUF. 45 EW, ZHT
Tk REE R, PR, MR R
2.6.3 HEHIRK., AR, BREAKEEKRN

KIS HS-GC/MS Xt 9 FBLAIFTHRAT. 10
T HL AR P Ao G 2 5 b LRI AREA TAG N, 245 28 L 3k
3, Hr ND FoRoRR . 3R 3 AT, AR
B BARACS N A 4G, AR atrh 9 S e SR
i, D6 ik 0.309 6 mg/m® (T4 0.000 1% );
PR 12 SRS ARG H(ERS  , D6 3551 0.021 5 mg/m®
( BTt /3% 0.000 06% ); 348 rh 4 Fhpl Wk i
S<IE (AR EbNEl i F S U S = RO o n [ vl N 14
0.1% (i34 ) MSH A,

TRE R, F IR U 1 1 5 0 i 0 K ) 1) 46
B (14).

C

W, ==ix4 (14)
m
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Tab.2 Results of HS-GC/MS analysis
AGKA WITARR LR (mgm?)  RMASERB R Kl (mgm®) R/ (mgm™) MR/ % KRR %
D3 0.999 9 0.000 4 0.001 5 87.0~94.5 1.8~6.0
S D4 0,004 1-0.165 3 0.999 9 0.000 4 0.001 3 90.4~95.6 1.3~3.7
D5 0.999 7 0.000 6 0.0019 97.4~104.2 1.3~2.2
D6 0.999 9 0.000 6 0.002 0 100.4~103.4  2.1~2.5
D3 0.998 2 0.000 4 0.001 2 91.7~96.2 0.5~3.9
M D4 0.0029-0.117 6 0.999 4 0.000 2 0.000 6 95.5~96.9 0.5~2.5
D5 0.999 9 0.000 6 0.002 1 97.8~99.9 1.1-3.5
D6 0.998 4 0.001 4 0.004 5 98.9~100.2  2.4~7.7
D3 0.999 0 0.000 3 0.001 1 90.6~97.1 0.8~3.4
- D4 0,006 30250 0 0.999 6 0.000 2 0.000 6 94.0~98.6 0.5~3.0
D5 0.999 9 0.001 6 0.005 2 99.9~100.7  0.3~4.2
D6 0.999 8 0.002 9 0.009 6 98.0~101.4  2.9~7.7
#3 HEHRK. IR, BRAPPAERFERZRBERNER
Tab.3 Test result of methylcyclosiloxane residue in typical trademark paper, inner liner paper and tipping paper
e R D3/(mg-m ?) D4/(mg-m ?) D5/(mg-m?) D6/(mg-m ?)
1 T 2R 0.012 1+0.000 6 0.026 4+0.001 0 0.019 7+0.002 1
2 T =R 0.002 7+0.000 1 0.008 7+0.000 2 0.022 3+0.001 5
3 0.006 6+0.000 7 0.020 7+0.000 9 0.053 6+0.002 6 0.107 4+0.006 7
4 0.002 6+0.000 1 0.010 6+0.001 1 0.049 7+0.001 4 0.026 4+0.002 4
5 RIbRaL 0.004 0:£0.000 0 0.026 6+0.000 3 0.022 14+0.000 1 0.020 7+0.000 4
6 0.003 1£0.000 1 0.025 4+0.000 5 0.046 6+0.003 7 0.063 6+0.006 8
7 ND 0.004 3+0.000 1 0.017 6+0.001 1 0.014 4+0.001 4
8 0.003 6:£0.000 1 0.031 2+0.001 8 0.049 9+0.001 1 0.060 0+0.001 9
9 0.002 50.000 3 0.015 6+0.001 2 0.114 7+0.008 5 0.309 6+0.033 2
10 ND ND ND ND
11 ND 0.001 3 T BERR ND
12 0.002 0:£0.000 1 0.002 7+0.000 1 0.009 9+0.000 8 0.021 5+0.001 4
13 ND KT E=R ND ND
14 A ND 0.003 1:0.000 1 0.005 10.000 1 0.010 7+0.000 8
15 ND T E =R KT E=R T 2R
16 ND 0.000 7£0.000 1 T e = R 0.007 6=0.000 3
17 ST 2 1R 0.003 1 0.006 6+0.000 5 0.011 1+0.000 8
18 ND 0.001 7 0.004 5+0.000 1 0.014 8+0.000 4
19 ND KT E=R ND ND
20 ND T E=ER ND ND
21 ND T E =R ND ND
22 AR ND T E =R ND ND
23 ND IS T2 PR ND ND
24 T2 R I T2 2 BR ND ND
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